To improve the resolution and rapidity of globin chains separation, we have modified the basic technique of globin chain electrophoresis in urea-acetic acid-Triton X-100. Haemolysates from anticoagulated cord or adult blood samples were submitted to urea-acetic acid-Triton X-100 polyacrylamide gel electrophoresis using a 15% polyacrylamide gel cast in a mini slab cell which allows a rapid analysis of globin chains samples. After staining proteins with Coomassie brilliant blue R-250, the relative amounts of globin chains were determined by scanning. This new procedure has allowed us to obtain a better separation of the normal and abnormal globin chains than described previously. All the normal globin chains, i.e. A,, G?, 6, fl and E , are well separated by this modified technique. Semi-quantification of the G,/ A:. ratio has been performed. This simple and rapid method is also suitable for the global identification of the globin chain involved in the most common abnormal haemoglobin variants, except b-S.
Various techniques, i.e. electrophoresis with or without the presence of detergent, or chromatography, have been described to separate human globin chains.'-4 Globin chains separation by urea-acetic acid-Triton X-100-polyacrylamide gel electrophoresis has been reported previously by Alter et al.' This is an extremely useful procedure which has been used for the determination of the GJA, ratio in fetal haemoglobin,' for the identification of the abnormal globin chain^,',^ and for the prenatal diagnosis of / Ithalassaemia.6 This technique is powerful but time consuming for routine use and provides a poor resolution of both normal and abnormal globin chains. We have adapted it and optimized the experimental conditions to obtain a faster routine procedure suitable for qualitative and quantitative information on both normal and abnormal globin chains.
MATERIALS AND METHODS

Samples
All samples were drawn into EDTA or heparin. Haemolysates were prepared with the elution Correspondence: Dr B Gulbis solution used in the isoelectric focusing (IEF) procedure (Isolab NV, Mechelen, Belgium) or were washed three times with 0.9% NaCl and lysed with a one-fold volume of distilled water, yielding a haemoglobin (Hb) concentration of approximately 4 pg/pL or 80 pg/pL, respectively. Haemolysates were stored at -20°C until assayed. The presence of an Hb variant was confirmed by standard technique^,^ i.e. haemoglobin electrophoresis at pH 8.6 and pH 6.2, and IEF.
Electrophoresis
Urea-acetic acid-Triton X-1 00-polyacrylamide gel was cast as reported by Alter et ul.' except that a 15% polyacrylamide gel was cast in a mini-protean I1 cell (Bio-Rad Laboratories, Nazareth, Belgium). To prevent slippage of the running gel from the electrophoresis apparatus a 15% plain polyacrylamide gel of 1 cm high was cast in the bottom. After casting the running gel, it was pre-electrophoresed twice as previously described except that each pre-electrophoresis was conducted for a period of 30 min. One microlitre of concentrated haemolysate or 10 pL of an eluted hemolysate was mixed with 50 pL or 40 pL, respectively, of freshly prepared sample buffer (4 mL 8 M urea, 400 pL glacial acetic acid, 400 pL 2-mercaptoethanol, 40 pL Triton X-100, 1 mg pyronin Y). The mixture was loaded into the slot of a 10 wells comb. For a 0.75 mm slab gel, the electrophoresis was carried out at 45 mA for 150 min at room temperature. Afterwards, the gel was stained overnight with Coomasie Brilliant Blue R-250 (Sigma Chemie, Bornem, Belgium) and then destained with methanol-acetic acid. The transparent gel was oven-dried in a cellophane sandwich (Bio-Rad Laboratories). The relative amount of the globin chains was determined with a HI-SPEED 1D/ 2D laser scanner (Biomed Instruments Inc, 9263 1 California, USA). To separate haemoglobin variants, 5 p g of total Hb was loaded on the gel. In the case of the study of hereditary persistence of fetal haemoglobin (HPFH), 20 p g of total H b were loaded on the gel.
RESULTS
As demonstrated in Fig. 1 , electrophoresis of haemolysates from cord and adult patient's blood produced five globin bands: A7, 6, G,, /j and c(. The A, globin chain could be separated from carbonic anhydrase and the G, globin chain from the 6 chain of Hb A*. This held true even in the cases of low levels of fetal Hb (< 10%) or high levels of Hb A2 as shown with a mixture of samples from HPFH and p-thahssaemia trait patients ( Fig. 1) : y and non-y chains are clearly separated. The assessment of the A,/ G, ratio at visual inspection or by densitometric analysis aided in the confirmation or exclusion of HPFH (Fig. 2) . Normal a-A globin chain was distinctly separated from P-D-Punjab, P-G-San Jose, p-C, p-C-Harlem, p-0-Arab, but comigrated with p-S. p-C, fl-C-Harlem and fl-0-Arab globin chains were not separated by this method. However, p-E, globin was clearly I FIGURE 1. Electrophoresis of normal haernoglohins on acid-urea-Triton X-I00 slab gels. (1 j Newborn; ( 2 ) newborn + carbonic anhydrase (CAI: and ( 3 ) ;>G,.; and (3j A,<G,. . separated from 6 globin and a-A globin chain could be separated from ct-G-Philadelphia globin chain (Fig. 3) .
DISCUSSION
Following denaturation of the haemoglobin tetramers into monomers with 8 M urea, free globin chains can be analysed by polyacrylamide gel electrophoresis. The addition of a non-ionic detergent to the acid-urea gel system results in the formation of micelles between the detergent and the hydrophobic regions of the protein. The formation of these complexes leads to a reduction of the electrophoretic mobility of the individual globin chains proportional to their hydrophobicity. Using this technique, it is possible to resolve globin chains which differ by only one neutral amino acid if this occurs in a FIGL R E 3. Electrophoresis of ahnornzal haen7oglohin.s on acid-urea-Triton X-100 slab ge1,s.
hydrophobic region and results in a change in the detergent binding.* That is why the substitution of the same amino acid, i.e. Glu+Lys, but at a different position of the globin chain, i.e.
[j-E (826 Glu+Lys) and g-C (86 Glu+Lys), results in a radically different electrophoretic mobility. It also explains the change of the electrophoretic pattern of an abnormal globin with a neutral amino acid substitution, i.e. P-D Punjab (fi121 Glu+Gln) separated from P-A. By modifying the gel concentration while reducing its size, we succeeded in improving the capacity and the time of resolution of globin chains separation reached by the electrophoresis system previously described by Alter rt al.' Indeed, we are now able to separate all the normal globins, particularly the 7 chains from the (5 chain which co-electrophoresed in the previous method.' This method of normal globin chain separation allows us to determine the ratio of G,./A, chains and to suggest a diagnosis of HPFH. ' We also now have the capacity to separate abnormal globin chains like j&E, /j-D Punjab, or cc-G Philadelphia. These separations were not achieved through the method described by Alter et al.' This new procedure of urea-acetic acid-Triton X-100-polyacrylamide gel electrophoresis provides a simple, reliable and rapid method for the separation of the most common haemoglobin variants as well as for the calculation of the G,,/A, ratio. This technique is useful for the diagnosis of HPFH, for the differential diagnosis of complex situations, i.e. between H b Ea-thalassaemia syndrome and 0-thalassaemia trait with high H b A*. Moreover it supplies further information than those made available by other techniques used to separate globin chains such as isoelectric focusing or high performance liquid chromatography.'-'
